T he principle of en bloc resection has been a standard of surgical oncology. While en bloc resection still remains a key surgical principle, the extension of surgical oncology into more complex anatomical areas and technological advances (ie, endoscopic mucosal resections, transoral laser microsurgery) highlight the need to reconsider the potential merits of piecemeal tumor removal. 1, 2 Piecemeal resections are controversial because they result in fragmentation of the removed specimen, compromising its integrity and complicating confident histopathologic evaluation for the adequacy of excision. While in certain areas of the body, such as the skull base or larynx, piecemeal tumor removal may be justified by anatomical constraints 3 or functional imperatives 4 (ie, preservation of voice and deglutition), the apparently increasing use of the piecemeal approach in anatomically simpler and more accessible parts of the human body is more difficult to understand. Some oncologic resections, including prostatectomies, partial nephrectomies, and breastconserving surgical procedures, are now composed of multiple parts, with margins being distinct and separate from the main resected specimen. [5] [6] [7] [8] In such scenarios, it becomes unclear as to what is an adequate resection and what is the margin.
Unlike other areas in the human body, early (pathologic [p]T1-2 pN0) carcinomas of the oral tongue are easily exposed through the mouth, making en bloc resection highly feasible. Since partial glossectomies are performed by physicians in several surgical specialties, including otolaryngologists, oral and maxillofacial surgeons, and general surgeons, standardizing margin sampling is especially important. 9 Quality initiatives by the American Head and Neck Society (AHNS) emphasize the importance of obtaining a negative margin in oral cavity squamous cell carcinoma (SCC). 10 However, the approach to margin sampling varies considerably from surgeon to surgeon. 11, 12 Consistent with the general trends in surgical oncology, there are 2 main approaches to obtaining margins in patients undergoing partial glossectomies: specimen driven and defect driven. 9 In the specimendriven approach, the glossectomy specimen is sent en bloc to the pathologist, who then samples margins from the specimen itself. In a defect-driven scenario, the surgeon performs a partial glossectomy and then obtains several tissue samples from the tumor bed or wound. In the latter scenario, tumor bed sampling is not guided by assessment of the margin from the actual glossectomy specimen.
It was previously demonstrated in a group of 126 patients with early stage SCC of the oral tongue that sampling margins from the tumor bed was associated with worse local control. 13 To further validate this finding, we evaluated the effect of margin sampling technique on local recurrence (LR) in a larger multi-institutional cohort of 280 patients with pT1-2 pN0 SCC of the oral tongue.
Methods

Study Population
Medical and pathology records were reviewed for oral tongue SCC treated surgically from January 1, 1986, to December 31, 2012. Analysis was conducted from June 1, 2013, to January 20, 2015. The following 5 institutions took part in this study: Southern California Permanente Medical Group, Woodland Hills; The University of Alabama at Birmingham; the University of Göttingen, Göttingen, Germany; the University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania; and The Ottawa Hospital/University of Ottawa, Ottawa, Ontario, Canada. All 5 institutions followed the same inclusion criteria: 1. pT1 or pT2 primary SCC of the oral tongue; 2. No evidence of cervical lymph node metastases (pN0) following elective neck dissection. All patients considered clinically N0 in whom elective neck dissection revealed lymph nodes with metastatic SCC (pN+) were excluded; 3. Conventional SCC morphologic features (ie, sarcomatoid, verrucous, and hybrid variants of SCC were excluded); 4. Lack of preoperative treatment (patients were excluded if they had a history of head and neck SCC, surgery, or radiation to the oral cavity); 5. Presence of SCC in the glossectomy specimen (28 patients without residual carcinoma in the glossectomy specimen following diagnostic biopsy were excluded). This work was approved by the Department of Pathology, University of Pittsburgh Medical Center Total Quality Council and Institutional Review Board, as well as Institutional Review Board authorization performed under the direction of Southern California Permanente Medical Group relating to human subjects in research. A subset of patients was previously described. [13] [14] [15] Medical records and surgical pathologic findings were reviewed for clinical variables, including age, sex, smoking and alcohol use, and TNM classification as per the 7th edition of the American Joint Committee on Cancer staging manual. 16 Medical records were also reviewed for information on patient status at last follow-up, LR or regional recurrence and/or late metastasis, second primary cancer, and type of adjuvant treatment.
Histologic sections were re-reviewed, and the following data were collected: perineural invasion, angiolymphatic invasion, depth of invasion, and tumor size, as previously described. 13 Margins assessed from the actual glossectomy specimen are referred to as glossectomy margins. Margins obtained from the tumor bed (also known as margins from the wound, cavity, defect, or patient) are referred to as tumor bed margins. Margins were sampled from the glossectomy specimen at the time of initial evaluation by pathologists at the contributing institution with adequate documentation of margin sampling in surgical pathology reports (ie, tissue section summary, inking code, radial or shave nature of the margin) in all but 7 patients.
The presence of invasive or in situ carcinoma at the margin was considered a positive margin. The status of glossectomy margins and tumor bed margins was examined as a binary variable (positive vs negative) and as a continuous variable (distance to the margin from the invasive tumor front in millimeters).
Margin Sampling and Surgical Workflow Analysis
The surgical workflow for all patients was categorized according to the surgeon's preferred approach to margin sampling and surgical intraoperative findings ( Figure 1 ). 13 Such workflow analysis was made possible by the routine documentation in all surgical pathology reports of the number and labeling of parts and of intraoperative consultations. In group 1, tumor bed margins were not sampled, and all margins were obtained from the glossectomy specimen only. This scenario represents an en bloc glossectomy with clinically and/or pathologically satisfactory margins as determined by surgeons or pathologists at the time of surgery.
In group 2, the glossectomy specimen was examined by a pathologist, found to be positive or otherwise suboptimal (ie, distorted, ulcerated, or lacking normal mucosa at the mucosal margin), and the surgeon revised the margins by obtaining additional tissue from the tumor bed (revision group). The intent to revise was reflected in the labeling of tumor bed margins; such margins were frequently labeled as additional, new, revised, #2, or re-resection. In Figure 1 , column 2, the white irregular areas on the anterior aspect of the glossectomy specimen represent residual carcinoma at the initial anterior margin (third row). Red (erythematous) mucosa behind the tumor at the posterior aspect of the glossectomy illustrates the second positive margin (third row). The anterior and posterior margins are revised by obtaining an additional anterior margin (red dot) and posterior margin (yellow dot) from the tumor bed (fourth row). To imagine the relationship between the actual glossectomy margins and additional tissue, the 2 types of mar-gins are superimposed in the fifth row. Owing to the challenges of relocating the exact aspect of the relevant anterior margin in the tumor bed, size discrepancy, and uncertain orientation of the additional tissue, it is conceivable that, in some patients, the additional margin may not actually cover the entire residual tumor at the positive (anterior in the illustrated case) glossectomy margin.
In group 3, margins were primarily sampled from the tumor bed. In Figure 1 , column 3, five margins are primarily sampled from the tumor bed (red, green, yellow, blue, and black dots), without preceding examination of the glossectomy specimen (displayed in lighter colors in the third row) by the pathologist.
Statistical Analysis
Local recurrence, the primary endpoint of this study, was measured as time from the date of surgery to the biopsy-proved recurrent SCC at the site of the prior glossectomy. A regional recurrence (or late metastasis) was defined as SCC in the regional lymph nodes of the neck. 17 A second primary carcinoma was defined as SCC developing 4 years after the initial diagnosis at the site of the prior glossectomy or SCC at another site any time after the treatment of the index SCC. Pa- An exophytic tumor at the lateral oral tongue is illustrated. In group 2, white irregular areas represent residual carcinoma at the margin. In groups 2 and 3, colored dots represent tumor bed margins.
Results
Among the 5 participating institutions, 280 patients were included for analysis. Patients were categorized according to the margin sampling approach. Overall, 119, 61, and 100 patients were placed into workflow groups 1, 2, or 3, respectively. Clinical and pathologic characteristics are detailed in the Table. Most patients had no evidence of disease at their last followup visit (192 of 280 [68.6%]). Forty-two patients (15.0%) developed an LR, while 21 (7.5%) developed a regional recurrence. Second primary cancers were identified in 25 patients (8.9%).
Thirty-three patients (11.8%) died as a result of their disease, while 38 (13.6%) died of other causes. Of the 33 patients who died of their disease, 13 had regional recurrences and 7 died after developing a second primary carcinoma.
Patients' median age, sex, tumor size and pT, lymphovascular invasion, perineural invasion, and frequency of adjuvant radiation were similar across the 3 workflow groups (Table) . Three parameters were statistically significantly different among the patients in the 3 groups: frequency of positive glossectomy margins, distance from the invasive tumor front to the margin, and use of intraoperative consultation. The first 2 parameters were determined from the glossectomy specimen.
The frequency of positive glossectomy margins was lowest in group 1 (9 of 117 [7.7%]) compared with groups 2 (28 of 61 [45.9%]) and 3 (23 of 95 [24.2%]; P < .001). Distance from the invasive tumor front to the margin was narrowest in group 2 (0.5 mm) compared with groups 1 (3 mm) and 3 (1 mm) (P < .001). Even after excluding patients with positive margins, the distance from the invasive tumor front to the closest margin was significantly narrower in group 3 (2 mm) vs group 1 (3 mm) (P = .008) ( Figure 2) .
Intraoperative consultation was performed in 234 of 280 patients (83.6%) and was more frequent in groups 2 (55 of 58 
Workflow Groups and LR or Progression
The difference in LR-free survival at 3 years between groups 1 and 2 was not significantly different (0.9 vs 0.8; P = .06) ( Figure 3A) . However, the 3-year LR-free survival was worse for group 3 compared with that in group 1 (0.8 vs 0.9, respectively; P = .03) ( Figure 3B ).
Comparing Tumor Bed Margins and Glossectomy Margins
The status (positive vs negative) of tumor bed margins and glossectomy margins was available for 95 patients in group 3. While 23 patients (24.2%) had positive glossectomy margins, only 7 patients (7.4%) had positive tumor bed margins. In other words, of the 23 patients with positive glossectomy margins, only 7 had positive tumor bed margins. If margins obtained from the glossectomy specimen are considered as the criterion standard, then the tumor bed margin was 24% sensitive (95% CI, 16%-34%) and 92% specific (95% CI, 85%-97%) for detecting a positive margin.
Prognostic Value of Margins
Glossectomy margin status (positive vs negative) significantly correlated with LR-free survival. At 3 years, patients with positive glossectomy margins had worse LR-free survival compared with patients with negative glossectomy margins (0.86 vs 0.73, respectively; P = .007) ( Figure 4) . Conversely, the status of the tumor bed margins was of no prognostic value in regard to LR-free survival.
Discussion
En bloc resection, the mainstay of oncologic surgery, is still considered the standard of care. Among other potential benefits, en bloc resection facilitates confident histopathologic assessment of the adequacy of tumor resection in that pathologists have to examine only 1 oriented specimen with 1 set of margins. While most studies agree on the value of clear margins and adequate initial resection, the definition of a "true" margin becomes increasingly uncertain. In areas aside from the head and neck, piecemeal tumor removal is often performed owing to anatomical constraints and the rise in tissue-conserving surgical procedures. This shift in on- cologic management has led to the sampling of additional, presumably true, margins that are claimed to supersede the margins obtained from the en bloc resection specimen, such as retrotrigonal and basal margins after a prostatectomy. 18 Such practices are actively debated in most subspecialties of surgical oncology and have led to subspecialized terminology, such as cavity shaved margins for breast surgery. [5] [6] [7] [8] Since the AHNS developed quality measures for head and neck cancer care, emphasis has been placed on compliance with National Comprehensive Cancer Network guidelines. 10, 19 However, the controversial coexistence of 2 types of marginsthose from the tumor bed and those from the resected specimen-was not addressed. A 2005 survey of 476 AHNS members demonstrated the variability of margin sampling. 11 It was shown that 40% to 76% of surgeons obtained margins from the tumor bed. 11, 12 Most pathologists would still report on the status of margins from the resected specimen. 12 In a significant number of patients, the status of the 2 types of margins will be discrepant. Then, the question is: which margin should surgeons and oncologists rely on when the tumor bed margin is negative but the glossectomy margin is positive?
Our current study aims to answer that question by determining whether the margin sampling technique correlates with local control. Rather than assuming that local control correlates only with margin status, we began by investigating whether local control depends on the surgical approach to margin sampling. To account for other confounding factors, such as tumor site, size, and lymph node status, we focused on pT1-2 pN0 SCC involving only the oral tongue.
We show that margin sampling from the tumor bed (group 3) was associated with worse local control. In fact, the preoperative decision to sample several margins from the tumor bed is one of just 2 prognostically relevant factors in this homogeneous cohort of patients.
The worse local control in group 3 may be caused by more frequent positive glossectomy margins and narrower margin clearance as measured on the glossectomy specimen. Clinically, the most confusing cases have a negative tumor bed margin and a positive glossectomy margin, which occurred in 16 patients in group 3. If surgeons and oncologists accept the tumor bed margin as a true margin, those 16 patients may have been undertreated. The rate of adjuvant radiation therapy was similar among all groups despite the significantly higher rate of positive glossectomy margins in group 3.
The low sensitivity of tumor bed margins for identifying positive glossectomy margins (24%) is consistent with findings outside of the head and neck. Other investigators have reported low sensitivity of tumor bed biopsies in partial nephrectomies. 6 Tumor bed margins were obtained in 2 scenarios: from necessity (ie, group 2 [revision group in this study]) or based on preoperative planning and preference (group 3). For head and neck SCC, there appears to be a consensus that margin revision, as performed currently, is of little therapeutic value. 13, [20] [21] [22] [23] [24] Therefore, our finding that group 2 trended toward worse local control is consistent with prior reports. The limitations of the current approach to margin revision have previously been discussed. 13 For instance, it is difficult to return to the tumor bed and to re-resect the exact portion of tissue correlating to the particular positive margin. In fact, investigators have demonstrated that surgeons are off target by approximately 1 cm in one-third of relocalization attempts. 25 Why should the margin obtained from the glossectomy specimen remain a criterion standard? The status (positive vs negative) of the glossectomy margin correlated with LR-free survival and was the only histologic parameter to do so. Conversely, we show here the falsely reassuring nature of tumor bed margins, which have a low sensitivity for a positive glossectomy margin and, by definition, cannot identify close margins. Some of these findings were reported previously in the head and neck and other anatomical areas. 6, 13, 26, 27 This study is focused on patients who, ideally, are cured by surgery alone. The multi-institutional retrospective study of margins in patients with pT1-2 carcinomas was made possible by a uniform sampling approach; most specimens and tumors are small enough to be entirely submitted for microscopic examination. By design, other sites, especially those that may require sampling of bony margins, were avoided. It is therefore unclear how to extrapolate our findings to more anatomically complex subsites or to larger, more advanced carcinomas.
Conclusions
The margin obtained from the en bloc glossectomy specimen remains the only prognostically relevant margin. The surgical method of margin sampling affected local control; reliance on tumor bed margins was associated with worse local control, which is most likely caused by narrower margin clearance and a greater number of positive glossectomy margins. Given the low sensitivity of tumor bed margins for identifying positive margins on the resected specimen, relying on tumor bed margins for adjuvant therapy selection may lead to undertreatment. 
